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This study aimed to identify optimal mild hypothermic (MH) condition that would provide the best
protection for neuronal cells undergoing severe ischemia and hypoxia. We also sought to determine if
longer exposure to mild hypothermia would confer greater protection to severe ischemia and hypoxia in
these cells. We designed a primary neuronal cell model for severe glucose and oxygen deprivation/
reoxygenation (OGD/R) to simulate the hypoxic-ischemic condition of patients with severe stroke,
trauma, or hypoxic-ischemic encephalopathy. We evaluated the viability of these neurons following 3 h
of OGD/R and variable MH conditions including different temperatures and durations of OGD/R exposure.
We further explored the effects of the optimal MH condition on several parts which are associated with
mitochondrial apoptosis pathway: intracellular calcium, reactive oxygen species (ROS), and mitochon-
drial transmembrane potential (MTP). The results of this study showed that the apoptosis proportion
(AP) and cell viability proportion (CVP) after OGD/R signiﬁcantly varied depending on which MH con-
dition cells were exposed to (p < 0.001). Further, our ﬁndings showed that prolonged MH reduced the
neuroprotection to AP and CVP. We also determined that the optimal MH conditions (34 C for 4.5 h)
reduced intracellular calcium, ROS, and recovered MTP. These ﬁndings indicate that there is an optimal
MH treatment strategy for severely hypoxia-ischemic neurons, prolonged duration might diminish the
neuroprotection, and that MH treatment likely initiates neuroprotection by inhibiting the mitochondrial
apoptosis pathway.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1 mild hypothermia (MH); oxygen glucose deprivation/reoxygenation (OGD/R);1. Introduction
The concept of mild hypothermia for protecting cerebra was
proposed in 1989 [1,2]. Since then, the use of mild hypothermia has
achieved remarkable effects in brain recovery. There were good
evidences (Level 1) to recommend the use of hypothermia treat-
ment for cardiopulmonary resuscitation and neonatal hypoxic-
ischemic encephalopathy (HIE) [3,4]. However, in animal and cell
experiments, the temperature used to induce hypothermia varies
from 28 C to 36 C, while the duration of hypothermia can range
from 15min up to 24 h [5e9]. Thus, evenwhen employed in similar
disease models, there is still controversy about the optimum, Nanfang Hospital, Southern
th, Guangzhou, Guangdong
Inc. This is an open access article utemperature and duration of hypothermia treatment. Results of
another study, suggested that cell viability improved with longer
durations of hypothermia. However, we found when hypothermia
was extended for too long, the neuroprotective effect on hypoxic-
ischemic neuronal cells was diminished.
In the current study, we designed a primary neuronal cell model
which subjected cells to severe oxygen glucose deprivation/reox-
ygenation (OGD/R)1 in order to simulate the hypoxia/ischemia seen
in patients with severe stroke, trauma or HIE. Then, we exploredreactive oxygen species (ROS); apoptosis proportion (AP); mitochondrial; trans-
membrane potential (MTP); primary neurons (PNs); Speciﬁed Pathogen Free (SPF);
Sprague Dawley (SD); Terminal deoxynucleotidyl transferase dUTP nick end la-
beling (TUNEL); cell viability (CV); cell viability proportion (CVP); Cell Counting Kit-
8 (CCK-8); absorbance density (ODs); analysis of variance (ANOVA); Fisher's least
signiﬁcant difference (LSD); Fluorescence Activating Cell Sorter (FACS).
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and duration e on neurons after OGD/R. Our results demonstrated
that the two conditions determinedwhether OGD/R-subjected cells
would undergo apoptosis or whether they would remain viable.
More speciﬁcally, longer or shorter mild hypothermic (MH) dura-
tions or lower temperature levels all induced apoptosis in a greater
number of cells resulting in fewer viable cells.
Intracellular calcium,MTP and ROS are considered as some signs
of mitochondrial apoptosis pathway. To study the effects of the
optimal MH treatment (34 C for 4.5 h) on various components of
the mitochondrial apoptosis pathway, we ﬁnally detected the level
of intracellular calcium, reactive oxygen species (ROS), and the
mitochondrial transmembrane potential (MTP).
2. Materials and methods
2.1. Culture of primary neurons
Primary neurons (PNs) were cultured using a revised method
that we have previously described [10]. Brieﬂy, brains from 2- to 3-
day-old postnatal Speciﬁed Pathogen Free (SPF) Sprague Dawley
(SD) rats were isolated, minced, digested, ﬁltered, and then sus-
pended in complete Dulbecco's modiﬁed Eagle's medium (DMEM)
medium (Life Tech, Grand Island, NY) containing 10% fetal bovine
serum (Life Tech). The cells were then seeded on culture plates that
had been coated with poly-D-lysine (Sigma, St. Louis, MO) at 3-
5  105 cells per square centimeter; cells were cultured at 37 C in
humidiﬁed air with 5% CO2. After a 2e4 h incubation, the medium
was replaced with Neurobasal A (Life Tech), and supplemented
with B27 (Life Tech) and L-glutamine (ﬁnal concentration 2 mmol/
L) (Life Tech). Experiments were carried out on neurons that had
been cultured for 5e6 days in vitro (DIV).
To determine the percentage of neurons in the primary cultured
cells, we stained them with a mouse-anti-rat primary antibody
against a neuron-speciﬁc marker of Neuronal Class III b-tubulin
(1:500, Beyotime, Shanghai, China) in DIV6. Cells were ﬁxed in 4%
paraformaldehyde, and then incubated with the primary antibody
followed by cy3-afﬁniated goat anti-mouse IgG (1:400, Com Win
Biotech, Beijing, China). Fluorescent signaling was observed and
images were captured using a ﬂuorescent microscope (IX71, OLYMPUS,
Tokyo, Japan).
2.2. Oxygen-glucose deprivation followed by reoxygenation (OGD/R)
Cultured neurons were subjected to OGD/R. Cells were incu-
bated in glucose-free Neurobasal A medium (Life Tech) supple-
mented with B27 and L-glutamine, and were then placed in a
hypoxic chamber (Thermo Fisher, Waltham, MA) with 5% CO2, 2%
O2, and 93% N2 for 1.5 h, 3 h, 4.5 h, and 6 h. Following these ex-
posures, the medium was replaced with Neurobasal A supple-
mented with B27 and L-glutamine.
2.3. Mild hypothermic treatment
MH treatments were performed by placing cultured plates in
the cell culture incubator at 32 C or 34 C for 1.5 h, 3 h, 4.5 h, and
6 h. The plates were then returned to a 37 C incubator.
2.4. Evaluating apoptosis in primary neurons by TUNEL staining
Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL), a common method used to detect apoptotic cells, was
carried out using the In Situ Cell Death Detection Kits (Roche,
Switzerland, Basel) according to the manufacturer's instructions.
Brieﬂy, primary neurons were seeded on chamber slides. 48 h afterOGD/R, cells were ﬁxed in 4% (vol/vol) paraformaldehyde for 1 h,
permeated by 0.1% Triton X-100 for 6 min, and then incubated at
37 C for 1 h with a TUNEL reaction mixture containing ﬂuorescein
isothiocyanate. For a positive control, cells were treated with DNase
I as speciﬁed by the manufacturer.
2.5. Measuring cell viability using the cell counting kit-8
Cell viability (CV) was measured using the Cell Counting Kit-8
(CCK-8; Dojindo Laboratories, Tokyo, Japan) following the manu-
facturer's instructions. Neurons were seeded in 96-well culture
plates at 1.5  104 cells per well. Six wells were prepared for each
group. Before and 24 h after each treatment, a 110 ml mixture,
including 10 ml CCK-8 (containing WST-8 (2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2, 4-disulfophenyl) -2H- tetra-
zolium) and 100 ml medium (1:10, vol:vol) was added to each well.
After a 3.5-h incubation at 37 C, the absorbance density (ODs)
values of live cells were measured at 450 nm using a Spectra Max
M5 Multi-Detection Microplate Readers (Molecular Devices, Sun-
nyvale, CA). The percentage of viable cells was then calculated by
dividing the ODs after OGD/R by ODs before OGD/R andmultiplying
by 100%.
2.6. Detection of intracellular calcium in primary neurons by FLUO-
3 staining
Twenty-four hours after OGD/R, neurons were incubated with
the calcium ﬂuorescent probe FLUO-3 AM (4- (2, 7-Dichloro-6-
hydroxy-3-oxo-9-xanthenyl)-4’-methyl-2, 2’- (ethylenedioxy)
dianiline-N, N, N0, N0-tetraacetic acid) (Biotium, Hayward, CA) (1 mM
dissolved in 20% Pluronic F-127 (Biotium, Hayward, CA)) for 30 min
at 37 C. Then, cells were collected and detected with FACS at
488 nm excitation and 526 nm emission. Intracellular calcium
levels were indicated by mean ﬂuorescence intensity (Geo-Mean).
2.7. Detection of the mitochondrial transmembrane potential by JC-
1 staining
Twenty-four hours after OGD/R, neurons were incubated with
1 mM JC-1 ﬂuorescent probe (5, 50, 6, 60-Tetrachloro-1, 10, 33’-tet-
raethyl-imidacarbocyanine iodide, Beyotime, Shanghai, China) for
30 min at 37 C. Cells were then collected and detected with FACS.
JC-1 exists as a monomer at lowMTP and yields green ﬂuorescence
(l excitation¼ 490 nm, l emission¼ 530 nm). At higher MTPs, JC-1
forms J-aggregates that exhibit a broad excitation spectrum and
yield a red ﬂuorescence (l excitation ¼ 520 nm, l
emission¼ 590 nm). Mitochondrial depolarization is indicated by a
decrease of MnIx at a green/red (530/590) ratio.
2.8. Detection of ROS by DCF-DA staining
Twenty-four hours after OGD/R, neurons were incubated with
the DCF-DA (20 mM/ml, 100 ml/well, Sigma, St. Louis, MO) in phenol
red-free DMEM for 20 min at 37 C in the dark. Signaling was then
detected using the Multi-Detection Microplate Readers with an
excitation wavelength at 488 nm and emission wavelength at
525 nm.
2.9. Statistical analysis
Data are expressed as means ± standard deviation (X±SD). For
multiple group experiments, comparisons weremade by a one-way
analysis of variance (ANOVA), followed by Fisher's least signiﬁcant
difference (LSD) test if there was homogeneity of variance; other-
wise, the GameseHowell test was employed. For two factorial
Fig. 1. Apoptosis of primary neurons following OGD/R. It shows the apoptosis pro-
portion of primary neurons. Groups and treatments were as same as Fig. 8 (n ¼ 5, ±SD).
One star means P < 0.05 compared with all other groups, and two stars mean P < 0.05,
compared with one or more groups. Apoptotic cells (TUNEL positive) percentage
increased with longer OGD/R durations. Apoptosis in 1.5 h OGD/R group was close to
that in normal control group (P > 0.05); however, differences were statistically sig-
niﬁcant among all other groups (F ¼ 79.986, p < 0.001). The apoptosis percentage in
cells exposed to OGD/R for 4.5 or 6 h were more than other groups. However, total cell
numbers in 4.5 h group were much less than the other groups (See Fig. 7). It might
mean that some cells dropped from the slides.
Fig. 2. Apoptosis of OGD/R neurons following mild hypothermia (MH) treatments. All
cells were seeded in 12-well culture plates. Cells underwent OGD/R for 3 h, and were
then exposed to hypothermia at 32 C or 34 C for 1.5, 3, 4.5, and 6 h at DIV6. The
control group did not receive any handle, and the OGD/R group only suffered from
OGD/R. Apoptosis was detected by TUNEL staining 24 h after OGD/R (n ¼ 5, ±SD). The
number of apoptotic cells that resulted from OGD/R signiﬁcantly increased compared
to control cells (t ¼ 19.433, P < 0.001). There were also statistically signiﬁcant differ-
ences among all groups (F ¼ 22.374, (P < 0.001). The percentage of apoptotic neurons
treated at 34 C hypothermia for 4.5 h was the lowest in all groups.
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interaction between two factors. Single effects and main effects
were analyzed using the General Linear Model. All tests were two-
tailed. Statistical analyses were performed using the SPSS 16.0
statistical program (SPSS, Chicago, IL, USA). A p < 0.05 was
considered as statistically signiﬁcant.
3. Results
3.1. Identiﬁcation of primary neurons stained with b-Tubulin III
Immunocytochemical staining was taken to identify the per-
centage of neurons in cultured cells. As the Fig. 7 showed, kyto-
plasm of neurons was stained into red by b-Tubulin III staining, and
all nuclei of cultured cells were stained into blue by 406-diamidino-
2-phenylindole (DAPI) staining. The percentage of neurons within
the culture was 97.3%. See Fig. 7.
3.2. Apoptosis of neurons exposed to OGD/R over a wide range of
time
TUNEL staining was carried out to detect the apoptosis in neu-
rons after OGD/R. As the duration of oxygen glucose deprivation
increased, a number of primary neurons with apoptosis (stained
into green by the TUNEL) increased. Apoptotic levels in the OGD/R
4.5- and 6-h groups highly increased compared with the other
groups (F ¼ 79.986, P ¼ 0.000). However, there were signiﬁcantly
fewer cells to measure in these two groups. That meant some cells
might drop from the culture plates because of apoptosis or necrosis.
To reduce bias resulted from this, we chose 3 h as the appropriate
duration of OGD/R to simulate a severe hypoxic ischemic situation.
See Fig. 1 and Fig. 8.
3.3. Apoptosis of neurons following OGD/R under different MH
conditions
TUNEL staining was carried out to detect the apoptosis after MH
treatments for OGD/R neurons. After OGD/R, apoptotic cells were
signiﬁcantly increased from those of the normal controls
(t ¼ 19.433, p < 0.001). There was an interaction between the ef-
fects of duration and temperature of MH on apoptosis of OGD/R
neurons. The percentage of apoptotic neurons treated at 34 C for
4.5 h was the lowest than at any of the other conditions (F ¼ 2.969,
P ¼ 0.008). It showed that 34 C for 4.5 h was the best hypothermic
condition for reducing the apoptosis of neurons suffered 3h OGD/R.
See Fig. 2.
3.4. Cell viability of neurons exposed to OGD/R under various MH
conditions
Cell viability was detected and the CVP was calculated in neu-
rons after OGD/R and MH treatments. After OGD/R, the CVP was
signiﬁcantly reduced from that of normal control(t ¼ 24.742,
p < 0.001). The CVP in all groups increased after MH treatments.
There was an interaction between the effects of duration and
temperature of MH on the CVP. Speciﬁcally, the CVP of neurons
treated at 34 C for 4.5 h was the highest, and the groups were
signiﬁcantly different (F¼ 20.97, P< 0.001). It manifested that 34 C
for 4.5 h provided the best neuroprotection for the CVP of neurons
followed 3h OGD/R. See Fig. 3.
3.5. MH 34 C for 4.5 h reduced intracellular calcium levels in
primary neurons after OGD/R
FLUO-3 staining was used to conﬁrm the intracellular calciumlevels in neurons. After OGD/R, the Geo-Mean of FLUO-3 in primary
neurons increased from normal levels, and it returned back to the
least after being treated with hypothermia at 34 C for 4.5 h,
compared with the other hypothermic conditions (F ¼ 802.945,
P < 0.001). See Fig. 4.
Fig. 4. Hypothermia restored normal intracellular calcium concentration in primary
neurons, as detected by FLUO-3 staining. All cells were seeded in 6-well cultured
plates. Cells were exposed to OGD/R for 3 h in DIV6, and then treated by hypothermia
at 34 C for 4.5 h at DIV6. The control group did not undergo OGD/R, and OGD/R group
did not accept any treatment. Twenty-four hours after OGD/R, neurons were stained
with 4-(2,7-Dichloro-6-hydroxy-3-oxo-9-xanthenyl) -4’-methyl-2,2’-(ethylenedioxy)
dianiline- N,N,N0 ,N'-tetraacetic acid (FLUO-3 AM). Intracellular calcium levels were
indicated by mean ﬂuorescent intensity (MnIx) and analyzed with Fluorescence
Activating Cell Sorter (FACS) (lex: 488 nm; lem: 526 nm) (n ¼ 4, ±SD). After OGD/R, the
intracellular calcium in primary neurons increased, and then recovered to nearly
normal after hypothermia induction at 34 C for 4.5 h (F ¼ 802.945, P < 0.001).
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JC-1 staining and FACS technology were used to conﬁrm the
MTP in neurons. After OGD/R, the 530/590 ratio in primary neurons
increased from normal level (P < 0.001), and this ratio fell back to
the least after being treated with hypothermia at 34 C for 4.5 h,
compared with the other hypothermic conditions (F ¼ 793.200,
P < 0.001). See Fig. 5.
3.7. MH 34 C for 4.5 h reduced ROS in primary neurons after OGD/R
DCFH-DA staining was used To conﬁrm the ROS in neurons. The
ODs in primary neurons signiﬁcantly increased after OGD/R, then
went back to almost normal levels after being treated with hypo-
thermia at 34 C for 4.5 h (F ¼ 398.600, P < 0.001). See Fig. 6.
4. Discussion
According the clinical programs in the US called ARCTIC,
32e34 C hypothermia for 24e36 h is needed to improve the brain
and cognitive function of patients with sudden cardiac arrest and
CPR. Because of the difference of hypothermic kinetic between
in vivo and in vitro, and among species speciﬁcs, the optimal
approach and mechanisms of hypothermia induction for neuron
model is not unclear. In this study, we ﬁrstly evaluated the effects of
various durations and temperatures of hypothermia on AP and CVP
in primary neurons following severely OGD/R. Our results indicated
that exposure of severely hypoxic-ischemic PNs to various MH
conditions inﬂuenced the AP and CVP. The two factors (duration
and temperature of MH) interacted each other on CVP and AP. With
regard to the extent of hypothermia, lower temperatures such as
32 C did not beneﬁt cells as much as higher temperatures such as
34 C. This ﬁnding was consistent with those of other studies. For
example, in a study in 2013, researchers found that hypothermia
(32 C, 23 C and 17 C) for 4e6 h immediately after OGD/R was
protective, but when ultra-profound hypothermia (4 C) after OGD,
increased cell death in all cell areas of the hippocampus evenwhen
after a milder insult of only hypoxia [11]. In terms of hypothermiaFig. 3. Proportions of viable cells following MH treatments. All cells were seeded in
96-well culture plates. Cells were exposed to OGD/R for 3 h and then treated by hy-
pothermia at 32 C or 34 C for 1.5 h, 3 h, 4.5 h, and 6 h at DIV6. Again, the control
group did not receive any handle, and the OGD/R group only suffered from OGD/R. The
viability of primary neurons was detected with Cell Counting Kit-8 (CCK-8) kit 48 h
after OGD/R. The percentage of viable cells (CVP) was then calculated (n ¼ 6, ±SD).
After OGD/R, the CVP was signiﬁcantly lower than that of normal controls (t ¼ 24.742,
P < 0.001). CVPs all increased after diverse hypothermia treatments. The CVP of
neurons treated at 34 C hypothermia for 4.5 h was the highest, and all groups were
signiﬁcantly different (F ¼ 20.97, P < 0.001).
Fig. 5. Hypothermia restored mitochondrial transmembrane potential (MTP) in pri-
mary neurons, as detected by JC-1 staining. All cells were seeded in 6-well culture
plates. The groups and treatments were same to Fig. 4. Twenty-four hours after OGD/R,
to detect the MTP, neurons were incubated with 5,50 ,6,60-Tetrachloro-1,10, 33’-
tetraethyl-imidacarbocyanine iodide (JC-1 ﬂuorescent probe). Mitochondrial depolar-
ization is indicated by the ratio of red/green (530/590) MnIx (n ¼ 4, ±SD). After OGD/R,
the MTP in primary neurons increased, and recovered back after being treated at 34 C
for 4.5 h (F ¼ 793.200, P < 0.001).duration, some study reported that the longer the hypothermia
continued, the better its therapeutic effects emerged. For example,
some researchers found that mild hypothermia (31e32 C) lasting
from 60 to 240 min resulted in neuroprotective effects in rats
following 20 min of cerebral ischemia and a 240 min reperfusion
[12]. Researchers also reported that hypothermia reduced micro-
glial activation in a time-dependent manner after hypoxic stimu-
lation [6]. However, in these studies, MH treatment did not last for
longer than 4 h. Another in vivo study on rats demonstrated a time-
dependent positive neurological outcome when the duration of
hypothermia at 32 C was prolonged from 24 to 48 h; survival
increased after spontaneous circulation (ROSC) following 10-min of
asphyxial cardiac arrest [13]. In fact, the neuroprotective effect of
therapeutic hypothermia is thought to be related to the degree of
Fig. 6. Hypothermia reduced the reactive oxygen species (ROS) generation in primary
neurons, as detected by DCFH-DA staining. All cells were seeded in 96-well culture
plates in DIV6 (n ¼ 6). The groups and treatments were same to Fig. 4. The ROS were
detected with 20 ,70-Dichloroﬂuorescin diacetate (DCFH-DA) staining (n ¼ 4, ±SD). ROS
was indicated by the absorption density (ODs). ROS obviously increased after OGD/R,
and decreased after MH treatment (F ¼ 398.600, P < 0.001).
Fig. 7. Identiﬁcation of primary neurons stained with b-Tubulin III. It shows the neuron percentage in cultured cells. We seeded the cells on chamber slides and stained neurons
using 1:500 Neuronal Class III b-tubulin (neuron-speciﬁc) at the sixth day in vivo (DIV6). Red ﬂuorescence was observed in cytoplasm, and the blue ﬂuorescence was observed in
nuclei in neurons. Positive percentage equaled divide the number of neurons by the nuclei. The even neurons percentage on every slide was about 97.312%.
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[14]. However, it might be harmful when a prolonged hypothermia
was applied for severely damaged cells, especially for neuron cells.
Then, by using the extent of apoptosis detected by the TUNEL
assay as a hypoxic hallmark, we designed a model of severe OGD/R
of primary neurons. Neurons were exposed to a 3-h OGD/R treat-
ment, and for this severe condition, the protective effect of a 6-h
MH treatment at 32 C or 34 C was less pronounced than that of
a 4.5-h MH treatment. We deduced that severely damaged cells
might not survive exposure to excessive hypothermia. We also
inferred that there might be an optimal duration and depth of
hypothermia for severely hypoxic-ischemic neurons.
Finally, we explored the probable neuroprotective mechanismsof hypothermia for PNs. Hypothermia has a neuroprotective effect
on brain tissues, especially in HIE after cardiac arrest, asphyxia
neonatorum, and severe traumatic brain injury [7,12,15,16]. We
found that hypothermia might protect OGD/R PNs by inhibiting the
mitochondrial apoptosis pathway. Mitochondria is the main regu-
lator of the cytosolic calcium lever. Mitochondria absorbs the
cytosolic calcium to maintain the normal cytosolic calcium level,
which prevents the cell from overload calcium [17]. In this study,
we assessed intracellular calcium concentration by FLUO-3 stain-
ing, ROS by DCF-DA staining, and MTP by JC-1 staining. We found
that hypothermia decreased intracellular calcium and ROS, and also
protected mitochondrial function [8,18]. Excessive accumulation of
cytosolic calcium may be taken up by mitochondria after OGD/R,
resulting in an increase in mitochondrial calcium level, which leads
to the increase of mitochondrial membrane permeability and the
decrease of MTP. The reduced MTP causes dysfunction of mito-
chondria, then generates more ROS, results in apoptosis in the end.
Taken together, this demonstrates that the protective mechanisms
underlying hypothermia are, indeed, resulted from inhibition ofmitochondrial apoptosis.
The hypothermia treatment regimen we have developed is
highly effective for severe hypoxic-ischemic PNs in vitro. The
hypothemia kinetic differences may be model and species speciﬁc,
but the mechanisms may be transferable to human hypoxic brain
injury, stroke or HIE, especially if reproduced in a human neuronal
cell culture model.
5. Conclusions
MH treatments at 34 C for 4.5 h were observed to be highly
neuroprotective for severe ischemic-hypoxic PNs because this
approach inhibited the mitochondria-related apoptotic pathway.
Fig. 8. Apoptosis in OGD/R neurons detected by TUNEL staining. It shows the apoptotic cells in cultured neurons. Neurons were cultured on chamber slides and subjected to glucose
and oxygen deprivation/reoxygenation (OGD/R) for 1.5 h, 3 h, 4.5 h or 6 h respectively at DIV6. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining was
used to determine the amount of apoptosis in the primary cultured cells. Apoptotic neurons were stained into green. With longer OGD/R durations, an increase in apoptosis was
observed.
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